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Pot greenhouse experiments were carried out to attempt to increase the salinity tolerance of one of the most popular legume 
of the world; cowpea; by using dual inoculation of an Am fungus Glomus clarum and a nitrogen-fixer Azospirillum brasilense. 
The effect of these beneficial microbes, as single- or dual inoculation-treatments, was assessed in sterilized loamy sand soil 
at five NaCl levels (0.0~7.2 ds/m) in irrigating water. The results of this study revealed that percentage of mycorrhizal infec- 
tion, plant height, dry weight, nodule number, protein content, nitrogenase and phosphatase activities, as well as nutrient 
elements N, P, K, Ca, Mg were significantly decreased by increasing salinity level in non-mycorrhized plants in absence of 
NFB. Plants inoculated with NFB showed higher nodule numbers, protein content, nitrogen concentration and nitrogenase 
activities than those of non-inoculated at all salinity levels. Mycorrhized plants exhibited better improvement in all mea- 
surements than that of non-mycorrhized ones at all salinity levels, especially, in the presence of NFB. The concentration of 
Na + was significantly accumulated in cowpea plants by rising salinity except in shoots of mycorrhizal plants which had K7 
Na + ratios higher than other treatments. This study indicated that dual inoculation with Am fungi and N-fixer Azospirillum 
can support both needs for N and P, excess of NaCl and will be useful in terms of soil recovery in saline area. 
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About one-third of the land area of the world comprises 
arid and semiarid climates. Arid desert soils were previ- 
ously considered economically unimportant; however, dur- 
ing the past three decades, the economic and agricultural 
utilization of arid lands has emerged as a critical element 
in maintaining and improving the world's food supply 
(Zahran, 1999).The progressive salinization of land is con- 
sidered as the major environmental factor limiting plant 
growth and productivity of the arid and semiarid regions. 
Increases in the salinity of soils or water supplies used for 
irrigation result in decreased productivity of most crop 
plants and lead to marked changes in the growth pattern of 
plants (Cordovilla et al, 1994). Soil infertility in arid 
zones is often due to the presence of large quantities of 
salt, and the introduction of plants capable of surviving 
under these conditions (salt-tolerant plants) is worth inves- 
tigating (Delgado et al, 1994; Muscolo et al, 2003). 
Thus, there is a need to develop highly salt-tolerant crops 
to recycle agricultural drainage waters, which are literally 
rivers of contaminated water that are generated in arid- 
zone irrigation districts (Glenn et al, 1999). 

Salt tolerance in plants is a complex phenomenon that 
involves morphological and developmental changes as 
well as physiological and biochemical processes. Salinity 
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decreases plant growth and yield, depending upon the 
plant species, salinity levels, and ionic composition of the 
salts. Arbuscular mycorrhizal fungi (Am fungi) widely 
exist in salt-affected soils (Juniper and Abbott, 1993; 
Bohrer et al, 2003). Many studies have demonstrated that 
inoculation with Am fungi improves growth of plants 
under a variety of salinity stress conditions (Ruiz-Lozano 
et al, 1996; Al-Karaki et al, 2001; Tain et al, 2004). To 
some extent, these fungi have been considered as bio- 
ameliorators of saline soils (Singh et al, 1997; Rao, 1998; 
Burke et al, 2003). Therefore, knowledge of the relation- 
ship between plants and the fungi is important for suc- 
cessful utilization of Am fungi under particular conditions. 

Many species of bacteria such as Azospirillum, Rhizo- 
bia and Frankia adapt to saline conditions by the intracel- 
lular accumulation of low-molecular-weight organic solutes 
called osmolytes (Csonka and Hanson, 1991; Fischer et 
al, 2003). The accumulation of osmolytes is thought to 
counteract the dehydration effect of low water activity in 
the medium but not to interfere with macromolecular 
structure or function (Smith et al, 1994). Bacteria of the 
genus Azospirillum are free-living nitrogen-fixing rhizo- 
bacteria found in close association with legumes roots, 
where they exert beneficial effects on plant growth. Yield 
increases have been attributed to mechanisms such as 
nitrogen fixation, phytohormone production, and nitrate 
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reduction ('Okon and Vanderleyden, 1997). 

The contribution of Am fungi and of associative or 
obligate nitrogen-fixing microsymbionts (Azospirillum- and 
Rhizobium bacteria) to soil fertility, productivity and crop 
yield has been well-documented (Biro et al., 2000). The 
organisms are, therefore, used to evaluate the functioning 
of ecosystems (Giller and Cadish, 1995), especially under 
nutrient unbalanced conditions. Well-known effects of 
AMF include improved uptake of water, and phosphorus 
or other macro- and microelements in non-optimal situa- 
tions (Lesueur et al, 2001; Zandavalli et al., 2004). 
Rhizospherenmycorhizosphere systems can therefore be 
tailored to help plants to establish and survive in nutrient- 
deficient, or degraded habitats or during periods of stress 
(Sanchez-Diaz et al, 199; Biro et al, 2000). 

Although there are many researches on using Am fungi 
and N-Fixing bacteria to increase salinity tolerance in 
legumes plants, the available literatures do not document 
using dual inoculation of Am fungus Glomus clarion and 
a nitrogen-fixer Azospirillum in increasing salinity toler- 
ance of these plants. Thus this article is considered a good 
attempt to increase the salinity tolerance of one of the 
most popular legume of the world, cowpea (Vigna sinen- 
sis), by using dual inoculation of the Am-fungi and nitro- 
gen -fixing bacteria under salinity stress conditions. 

Materials and Methods 

A loamy sand soil contains 10.2 g/kg organic matter, 
2.7 g/kg total nitrogen, 0.46 g/kg total phosphorus, 0.23 g/ 
kg total potassium, 1.2 dSirf 1 of EC and a pH of 7.8. The 
experiment was conducted in a greenhouse at a tempera- 
ture range of 25~35°C. Vigna sinensis L. (cowpea) was 
used as a model plant. The soil was sieved (<2 mm), ster- 
ilized by autoclaving for 4h and placed into 30 cm diame- 
ter plastic pots at 2 kg per pot. 

Provided from Botany Dept. Fac. of Sci., Mansura 
Univ. Egypt, Glomus clarum, previously isolated from 
saline soil, was selected as an efficient isolate used for 
improving plant growth under salinity stress. The mycor- 
rhizal inoculum consisted of spores, mycelium and root 
segments of G. clarum isolates propagated with onion 
roots for four months. Each pot was inoculated with 20 g 
inoculum for the mycorrhizal treatments, or 20 g steril- 
ized inoculum with 20 ml filtrates free from mycorrhizal 
propagules from the inoculum for the non-mycorrhizal 
treatments. Local strain of Azospirillum brasilense was 
isolated from rhizospheric soil (identified by AAl-Humi- 
any assistant professor of bacteriology Taief teachers col- 
lege Saudi Arabia) and was grown on modified nitrogen- 
deficient semi solid malate medium (Dobereiner, 1978) at 
30°C for 48 h. The suspension obtained (1 x 10 s cells/ml) 
was used for seeds inoculation at the rate of 10 ml per 
pot. The same dose was added to each pot after 10 days 



of sowing. 

The experiment was a 5x4x5 complete factorial 
which was comprised of 5 salinity levels and four inocula- 
tion treatments with 5 replicates for each treatment. The 
pots were arranged in a randomized block. It was carried 
out with the following treatments: non-inoculation control 
and inoculation with G. clarum and A. brasilense as a sin- 
gle and paired inoculum, each at five salt levels (5 NaCl 
concentrations) of 1.8, 3.6, 5.4, and 7.2dS/m. Each NaCl 
concentration, dissolved in nutrient solution containing N 
at 100 mg f \ P at 50 mg V and K at 50 mg f \ was added 
to the soil at a rate of 100 ml every week. 5 seeds were 
sown into each pot and were thinned to two seedlings per 
pot after emergence. Tap water was supplied daily and the 
pots were weighted every week to adjust water content. 
Fertilization rates of all pots were 60 kg fed 1 (NH 4 N0 3 
33.5%) and 48 kg K 2 0 fed 1 (k 2 S0 4 48%). 

After 65 days from planting, inoculated and un-inocu- 
lated representative plants (5 plants/replicate) were care- 
fully uprooted. The roots were dipped in water to remove 
soil particles, and washed with distilled water. Plant height 
and root nodule number were estimated. Total dry weight 
of plant, root and shoot dry weight were determined after 
drying at 70°C for 48hr.The oven dried plants were 
grounded and mineralized by sulfuric-perchloric acids 
(Piper, 1950). Content of total nitrogen (Jackson et al, 
1973) and phosphorus (Jackson, 1967) were determined. 
Potassium and sodium were measured by a flame pho- 
tometer, while calcium and magnesium were estimated by 
atomic absorption (Allen et al, 1984). Protein content was 
measured according to Bradford 1976). 

Nitrogenase activity of plant was measured by using 
acetylene reduction assay (Hardy et al, 1973). Values of 
nitrogenase activity were recorded as n moles C 2 H 4 gm 
plant _1 If 1 . Soluble acid and alkaline phosphatases were 
determined according to (Gianinazzi-Pearson and Giani- 
nazzi, 1976). 

The roots were cleared and stained by using the meth- 
ods by Philips and Hayman (1970) and the percentage of 
mycorrhizal colonization was estimated by the methods of 
Trouvelot and Gianinazzi (1986). 

Statistical analysis of the results was subjected to 
ANOVA (Significance was set at *P 0.05 and **P < 0, 01. 
Means were compared using the least significant differ- 
ence (LSD) procedure (Steel and Torrie, 1960). 

Results 

The results in Table 1 showed the effect of single and 
dual inoculations of Am fungi and nitrogen fixing bacte- 
ria (NFB) on height, dry weight and root: shoot dry 
weight ratios of cowpea plants under various levels of 
salinity. With increasing salinity level the height and dry 
weight of plants were significantly decreased especially in 
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Table la. Effect of salinity levels on plant height, dry weight and root shoot ratios of mycorrhizal, and non-mycorrhizal plants with 
and without nitrogen-fixing bacteria 



Parameter 








Treatments 








Salinity levels 


riant (r) 


T> i MCD 


r + VAM 


r + Nfd + VAM 


T C T~* r> ^ f\ f\Z 

L.5>.D. r S U.Uj 


Plant height cm 


0.0 


66 


67 


96 


103 


7.44 




1.8 dS/m 


59 


63 


99 


109 


13.7 




3.6 dS/m 


54 


58 


76 


83 


6.52 




5.4 dS/m 


39 


46 


65 


75 


3.96 




7.2 dS/m 


21 


31 


57 


62 


3.41 


Dry weight gm/plant 


0.0 


1.12 


1.86 


2.04 


2.32 


0.32 




1.8 dS/m 


1.07 


1.82 


2.23 


2.41 


0.053 




3.6 dS/m 


0.95 


1.53 


2.15 


2.22 


0.077 




5.4 dS/m 


0.93 


1.4 


1.91 


2.05 


0.013 




7.2 dS/m 


0.72 


0.91 


1.1 


1.19 


0.062 


Root shoot ratios 


0.0 


0.189 


0.211 


0.231 


0.247 






1.8 dS/m 


0.206 


0.218 


0.246 


0.254 






3.6 dS/m 


0.207 


0.228 


0.263 


0.263 






5.4 dS/m 


0.216 


0.236 


0.278 


0.281 






7.2 dS/m 


0.224 


0.239 


0.289 


0.292 





NFB = Nitrogen-fixing bacteria VAM = Vesicular arbuscular mycorrhiza. 



Table lb. One way ANOVA for height, dry weight and root/shoot ratios of cowpea plants inoculated with single and dual NFB and 
VA fungi under salinity stress 



Treatments 


Statistic-s 


Height 


Dry weight 


R/S ratios 


Salinity 


Sig. F 


0.037* 


0.047* 


0.041* 


Salinity x NFB 


Sig. F 


0.578 


0.229 


0.921 


Salinity x VAM 


Sig. F 


0.759** 


0.914** 


0.645* 


Salinity x NFB x VAM 


Sig. F 


0.009** 


0.004** 


0.012* 



* = significant differences (P < 0.05) ** = significant differences (P < 0.01). 



control plants (without inoculation). Inoculation of cow- 
pea plants with NFB significantly and insignificantly 
reduced the suppression effect of salinity on plant height 
at high salinity levels (5.4 and 7.2 dSirf ') and at lower 
levels (1.8 and 3.6 dSirf ') respectively. On the other hand, 
inoculation of plants with Am fungi significantly increases 
salinity tolerance of cowpea plants at all salinity levels 
used in this study. The plant height increased from 59 and 
21 cm in non-mycorrhized to 99 and 57 cm in mycor- 
rhized plants at 1.8 dSirf 1 and 7.2 dSirf 1 salinity levels 
respectively. Dual inoculation of Am fungi and NFB to 
cowpea plants significantly reduces the harmful effects of 
salinity on the height at all salinity levels used, where the 
maximum height of plants was obtained in plants inocu- 
lated with both VAM and NFB at corresponding levels of 
salinity. 

It was also revealed that the effect of single and dual 
inoculation of NFB and Am fungi on dry weight of cow- 
pea plants under salinity conditions follow similar trends 
of these inoculants on the height of cowpea plants under 
the same salinity conditions. The highest values of dry 
height were recorded for mycorrhizal plants, co-inocu- 
lated with NFB at all corresponding salinity levels. On the 
other hand, increasing levels of salinity caused an increase 



of root shoot dry weight ratios in all treatments in this 
study. The highest ratio was obtained in Am plants inocu- 
lated with NFB at all corresponding levels of salinity as 
shown in Table 1. 

The results of Table 2 showed that the number of nod- 
ules was slightly decreased at low levels of salinity (1.8 
and 3.6 dSirf 1 ) and greatly decreased at high salinity lev- 
els (5.4 and 7.2 dSirf ') in cowpea plants without any inoc- 
ulants . The presence of microbial inoculants of NFB and 
Am fungi caused significant increases in nodule numbers 
of inoculated plants at each corresponding levels of salin- 
ity in this study. The maximum counts of nodules were 
recorded in plants treated with NFB and Am fungi at all 
salinity levels especially at 1.8 dSirf 1 salinity in each treat- 
ment. 

The nitrogen content of uninoculated cowpea plants 
was significantly influenced by increasing salinity levels 
whereas it was decreased from 1 1.7 mg dry weighf 1 at 1.8 
dSirf 1 salinity to 3.9 mg dry weighf 1 at 7.2 dSirf 1 salin- 
ity. Inoculation of cowpea plants with NFB either singly 
or paired with Am fungi significantly increased nitrogen 
content compared to control plant at all salinity levels. 
Moreover, plants inoculated with Am fungi showed insig- 
nificant and significant increase in nitrogen content com- 
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Table 2a. Effect of salinity levels on number of nodules, nitrogen content protein content and nitrogenase activity of of 
mycorrhizal,and non-mycorrhizal plants with and without nitrogen-fixing bacteria 

Treatments 



r £11 dlllG IC1 


Salinity levels PPM 


Plant (P) 


P + NFB 


P + VAM 


P + NFB + VAM 


L.S.D. P<0.05 


Nodule number No/plant 


0.0 


13.0 


21.0 


15.0 


29.0 


2.76 




1.8 dS/m 


10.0 


34.0 


22.0 


37.0 


7.95 




3.6 dS/m 


9.0 


28.0 


19.0 


33.0 


6.33 




5.4 dS/m 


5.0 


22.0 


17.0 


31.0 


6.46 




7.2 dS/m 


4.0 


12.0 


9.0 


15.0 


1.08 


Nitrogen mg/g dry weight 


0.0 


10.9 


15.2 


12.3 


16.5 


2.11 




1.8 dS/m 


11.7 


16.8 


13.9 


17.9 


2.86 




3.6 dS/m 


10.4 


15.7 


13.0 


17.1 


2.04 




5.4 dS/m 


6.7 


11.4 


9.7 


15.4 


1.33 




7.2 dS/m 


3.9 


9.8 


7.6 


12.9 


1.61 


Protein content mg/plant 


0.0 


7.3 


11.8 


8.9 


12.9 


1.76 




1.8 dS/m 


6.5 


14.7 


10.3 


15.7 


2.15 




3.6 dS/m 


3.9 


13.1 


9.5 


14.1 


1.96 




5.4 dS/m 


1.5 


9.4 


6.2 


10.5 


1.06 




7.2 dS/m 


0.96 


4.7 


4.3 


7.1 


0.973 


Nitrogenase activity n-moles 


0.0 


57.4 


76.1 


65.4 


77.3 


13.2 


C2H4g/dry root/h 


1.8 dS/m 


52.0 


83.3 


71.1 


86.6 


15.7 




3.6 dS/m 


42.9 


79.0 


66.9 


81.2 


12.4 




5.4 dS/m 


31.0 


67.6 


58.0 


73.9 


11.8 




7.2 dS/m 


17.8 


62.2 


51.5 


67.0 


12.7 



NFB = Nitrogen-fixing bacteria VAM = Vesicular arbuscular mycorrhiza 



Table 2b. One way ANOVA for nodule, nitrogen, protein and nitrogenase of cowpea plants inoculated with single and dual NFB and 
VA fungi under salinity stress 



Treatments 


statistics 


nodule 


Nitrogen 


protein 


Nitrogenase 


Salinity 


Sig. F 


0.026* 


0.038* 


0.002** 


0.049* 


Salinity x NFB 


Sig. F 


0.0216* 


0.0467** 


0.039* 


0.027* 


Salinity x VAM 


Sig. F 


0.727 


0.0481* 


0.076 


0.0591 


Salinity x NFB x VAM 


Sig. F 


0.007** 


0.009** 


0.038* 


0.031* 



* = significant differences (P < 0.05) ** = significant differences (P < 0.01) 



pared with non-mycorrhizal plants either in the presence 
or in the absence of NFB at low (1.8 and 3.6 dSirf 1 ) and 
high (5.4 and 7.2 dSirf ') salinity levels respectively. 

On the other hand, protein content of uninoculated 
cowpea plants was greatly suppressed with increasing 
salinity levels, whereas it was reduced from 6.5 mg/plant 
at 1.8 dSirf 1 salinity to 0.96 mg planf 1 at 7.2 dSirf 1 salin- 
ity (Table 2). Inoculating cowpea plants with Am fungi 
significantly increased their protein content, and the high- 
est content was obtained at 1.8 dSirf 1 salinity. In addition, 
the results of the table also showed that inoculation of 
NFB caused significant increase in protein content of 
cowpea plants compared with uninoculated plants at each 
level of salinity. Moreover, inoculation of NFB and Am 
fungi significantly increased protein content of cowpea 
plants compared with other treatments at all salinity lev- 
els with highest count at 1.8 dSirf 1 salinity. 

Nitrogenase activities were significantly inhibited with 
increasing salinity in all treatments in this study. Close 
examination of Table 2 revealed that the presence of bio- 



inoculants either as single or paired reduces the inhibitory 
effects of salinity on nitrogenase activities of cowpea 
plants. A-mycorrhizal infection of cowpea plants showed 
higher nitrogenase activities compared with non-infected 
plants at all salinity levels. Inoculation of cowpea plants 
with NFB significantly increased nitrogenase activities 
specially in presence of Am fungi, and the high activities 
were obtained at all salinity levels used (Table 2). 

The results of Table 3 showed that the intensity of myc- 
orrhizal infection of cowpea plants was not affected by 
relatively low salinity levels (1.8 and 3.6 dSirf 1 ), mean- 
while, it showed slightly increase compared with that 
under non-saline condition. On the other hand, these 
intensities were reduced at higher levels of salinity (5.4 
and 7.2 dSirf ') from 69% and 74% at 1.8 ds/m salinity to 
36% and 41% at 7.2 ds/m in the absence and presence of 
NFB respectively. 

With increasing salinity, the changes in P concentra- 
tions in mycorrhizal and non-Am plants were signifi- 
cantly different. The P concentration of non-Am plants 
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Table 3a. Effect of salinity levels on % mycorrhizal infection, Phosphorus content and phoshatases activities of mycorrhizal, and 
non-mycorrhizal plants with and without nitrogen-fixing bacteria 

Treatments 



r £11 dlllG IC1 


Salinity levels PPM 


Plant (P) 


P + NFB 


P + VAM 


P + NFB + VAM 


L.S.D. P<0.05 


% of VAM infection 


0.0 


0.0 


0.0 


63 


65 






1.8 dS/m 


0.0 


0.0 


69 


74 






3.6 dS/m 


0.0 


0.0 


69 


73 






5.4 dS/m 


0.0 


0.0 


59 


65 






7.2 dS/m 


0.0 


0.0 


36 


41 




Phosp-horus mg/g dry weight 


0.0 


0,64 


0.69 


1.35 


1.39 


0.021 




1.8 dS/m 


0.60 


0.64 


1.50 


1.52 


0.016 




3.6 dS/m 


0.57 


0.60 


1.43 


1.46 


0.024 




5.4 dS/m 


0.45 


0.53 


1.17 


1.21 


0.022 




7.2 dS/m 


0.29 


0.41 


0.93 


1.05 


0.009 


Acid phoshatase activities 


0.0 


976 


983 


1450 


1462 


24.0 


u/m//min 


1.8 dS/m 


942 


947 


1512 


1531 


29.7 




3.6 dS/m 


911 


893 


1486 


1495 


26.4 




5.4 dS/m 


435 


535 


1113 


1235 


37.3 




7.2 dS/m 


337 


343 


928 


980 


28.6 


Alkaline phosphatase activities 


0.0 


280 


285 


547 


573 


33.6 


u/m//min 


1.8 dS/m 


271 


275 


629 


635 


41.0 




3.6 dS/m 


262 


267 


615 


615 


29.1 




5.4 dS/m 


194 


218 


588 


492 


37.5 




7.2 dS/m 


125 


196 


411 


418 


38.2 



NFB = Nitrogen-fixing bacteria VAM = Vesicular arbuscular mycorrhiza 



Table 3b. One way ANOVA for % of VA infection phosphorus and phosphatases of cowpea plants inoculated with single and dual 
NFB and VA fungi under salinity stress 



Treatments 


Statistics 


% AM 


Posphoru-s 


Phosphatase 


Salinity 


Sig. F 


0.045* 


0.001** 


0.021* 


Salinity x NFB 


Sig. F 


0.384 


0.815 


0.094 


Salinity x VAM 


Sig. F 


0.006** 


0.003** 


0.026** 


Salinity x NFB x VAM 


Sig. F 


0.007** 


0.005** 


0.016* 



* = significant differences (P < 0.05) ** = significant differences (P < 0.01). 



declined at relatively lower salinity levels (1.8 and 3.6 
dSirf 1 ), particularly in the absence of NFB, while the 
opposite trend was found for mycorrhizal plants (Table 3). 
On the other hand, higher levels of salinity (5.4 and 
7.2 dSnT 1 ) caused significant reduction in P concentra- 
tion of mycorrhized and non-mycorrhized plants. Com- 
pared with non-mycorrhizal plants, plants inoculated with 
Am fungi had higher P concentrations at all NaCl levels, 
while the inoculation of NFB to Am plants increased P 
concentrations in these plants than those of non-inocu- 
lated Am plants at all salinity levels. 

The results of Table 3 also indicated inhibitory effects 
of high salinity levels (5.4 and 7.2 dSirf 1 ) on phos- 
phatases activities (acid and alkaline phosphatases). It was 
clearly shown in all treatments especially in non-inocu- 
lated cowpea plants. On the other hand, Am infected cow- 
pea plants results in significant increases in acid and 
alkaline phosphatases activity irrespective to the presence 
and absence of NFB at low salinity levels (1.8 and 3.6 
dSirf 1 ). NFB inoculated to cowpea plants caused slight 



insignificant increase in acid and alkaline phosphatases 
compared with control plants. However, the highest acid 
and alkaline phosphatase activities were recorded in cow- 
pea plant inoculated with both NFB and Am fungi at all 
salinity levels. 

The results of Table 4 showed that Sodium ions (Na + ) 
were greatly accumulated in root and shoot of non-inocu- 
lated cowpea plants by rising salinity levels in irrigating 
water. The inoculation of cowpea plants with NFB also 
increase Na + in infected plants with rising salinity levels 
but there is no significant differerance between the inocu- 
lated and non-inoculated cowpea plants. On the other 
hand, inoculation of cowpea plants with Am fungi in the 
presence or absence of NFB caused more accumulation of 
Na + in root system at all salinity levels used. Unlike the 
root system, shoots of mycorrhizal plants had insignifi- 
cant increases in Na + with increasing salinity levels and 
there is no significant difference between Na + ions con- 
centrations at 1.8 and 3.6 dS/m salinity. 

Magnesium concentration (Mg +2 ) of cowpea plants was 
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Table 4a. Effect of salinity levels on sodium (Na), magnesium (Mg), calcium (Ca) and potassium (K) contents of mycorrhizal, and 
non-mycorrhizal plants with and without nitrogen fixing bacteria 

Treatments 

Parameter Salinity levels Plant (P) P + NFB P + VAM P + NFB + VAM 

(dS/m) Root shoot root shoot root shoot root shoot 



Na (mg/g dry weight) 



Mg (mg/g dry weight) 



Ca (mg/g dry weight) 



K (mg/g dry weight) 



0.0 


2.52 


3.31 


1.8 


3.35 


4.46 


3.6 


4.19 


6.53 


5.4 


5.75 


8.26 


7.2 


6.22 


8.59 


0.0 


2.65 


3.28 


1.8 


3.62 


4.41 


3.6 


3.21 


4.03 


5.4 


2.13 


3.47 


7.2 


1.19 


2.89 


0.0 


1.35 


2.11 


1.8 


1.35 


2.08 


3.6 


1.24 


2.03 


5.4 


1.13 


1.83 


7.2 


1.02 


1.62 


0.0 


4.01 


7.87 


1.8 


3.98 


7.09 


3.6 


3.31 


6.96 


5.4 


2.12 


4.33 


7.2 


1.43 


2.63 



2.59 


3.35 


2.76 


3.41 


4.48 


3.95 


4.25 


6.54 


5.91 


5.81 


8.26 


8.47 


6.14 


8.54 


9.52 


3.17 


4.33 


3.36 


3.67 


4.46 


3.71 


3.35 


3.96 


3.44 


2.81 


3.31 


2.26 


2.16 


3.08 


1.73 


1.41 


2.32 


1.71 


1.39 


2.28 


1.86 


1.28 


2.13 


1.89 


1.21 


1.95 


1.94 


1.13 


1.79 


2.23 


4.24 


7.88 


5.21 


4.08 


7.64 


5.03 


3.89 


7.17 


4.85 


2.96 


5.28 


4.35 


1.92 


4.64 


3.24 



3.51 


2.76 


3.53 


5.21 


3.99 


5.33 


5.46 


6.12 


5.52 


5.85 


8.92 


5.97 


6.34 


10.04 


6.56 


4.93 


3.74 


4.98 


5.28 


3.82 


5.32 


5.15 


3.17 


5.21 


4.96 


2.36 


5.04 


4.88 


1.52 


4.91 


2.78 


1.75 


2.96 


3.23 


1.88 


3.29 


3.35 


1.98 


3.48 


3.95 


2.31 


4.11 


4.43 


2.56 


4.51 


8.12 


5.75 


8.12 


8.76 


5.48 


8.79 


9.97 


5.22 


9.99 


10.24 


4.85 


10.83 


11.19 


4.24 


11.51 



NFB = Nitrogen-fixing bacteria VAM = Vesicular arbuscular mycorrhiza 



Table 4b. One way ANOVA for nodule, nitrogen, protein and nitrogenase of cowpea plants inoculated with single and dual NFB and 
VA fungi under salinity stress 



Treatments 


Statistics 


Na + 


Mg 2+ 


Ca 2+ 


K + 


Salinity 


Sig. F 


0.004** 


0.043* 


0.04* 


0.034* 


Salinity x NFB 


Sig. F 


0.085 


0.638 


0.183 


0.225 


Salinity x VAM 


Sig. F 


0.032* 


0.572 


0.029* 


0.021* 


Salinity x NFB x VAM 


Sig. F 


0.026* 


0.0496* 


0.017* 


0.001** 



* = significant differences (P < 0.05) ** = significant differences (P < 0.01). 



decreased at higher salinity levels (5.4 and 7.2 dSirf ') 
(Table 4). On the contrary, Mg +2 content of cowpea plants 
was slightly increased at lower salinity levels and the 
highest Mg +2 contents of roots and shoots were recorded 
at 1.8 dSirf 1 salinity for all treatments. Inoculated of cow- 
pea plants with NFB did not show significant differences 
in Mg +2 content compared to non-inoculated one in Am 
and non-Am plants. On the other hand, Am fungi infected 
cowpea plants decreased Mg +2 contents of roots from 3.71 
mg and 3.82 mg at 1.8 dSirf 1 salinity to 1.73 mg and 1.52 
mg at 7.2 dSirf 1 salinity in the absence and presence of 
NFB respectively. Nevertheless, Am fungi improved Mg +2 
contents of shoot of infected plants compared to non-Am 
plants at all salinity levels. Meanwhile this improvement, 
Mg +2 contents of mycorrhized plant shoots kept near that 
of these plants in non-saline condition. 

The results in Table 4 also showed that non-mycor- 
rhizal plants either in the absence or presence of NFB 
reduced calcium ions (Ca +2 ) concentrations in roots and 



shoots by increasing salinity in irrigating water. However, 
inoculation of Am fungi singly or in paired with NFB to 
cowpea plants caused relative slight increase of Ca + con- 
tent, particularly in the presence of NFB, in roots and 
shoots of plants as a result of increasing salinity in irrigat- 
ing water. 

Potassium ions (K + ) concentration in non-mycorrhizal 
plants either in the presence or absence NFB was signifi- 
cantly reduced with increasing salinity in irrigating water 
and still plant-infected with NFB had higher K + content in 
root and shoot at all salinity levels. Am cowpea plants 
showed higher K + content at all salinity levels compared 
with non-mycorrhizal one, especially in the presence of 
NFB. However, close examination of the results in (Table 
4) reveals that while roots of Am plants had a slight 
decrease in K + content by increasing salinity levels, shoots 
of these plants showed increasing K + concentrations at 
corresponding salinity levels. Moreover, K + /Na + ratios of 
mycorrhizal plant shoots, particularly in the presence of 
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NFB were increased with rising salinity. 
Discussion 

Associative and symbiotic nitrogen nfixing bacteria and 
Am fungi are common beneficial microbes of legumi- 
nous-plants. It is frequently suggested that Am may 
improve P nutrition, enhance N uptake, or improve dis- 
ease resistance in their host plants. Other microbes, e.g., 
N-fixing bacteria or P-solubilising bacteria, may synergis- 
tically interact with Am fungi and thereby benefit plant 
development and growth. The mycorrhizal symbiosis 
becomes even more important in sustainable agricultural 
systems where nutrient inputs are low. The principal 
objective of this work was to attempt using dual inocula- 
tion of Am fungi and N-fixing bacteria to induce salinity 
tolerance of cowpea plants grown under the salinity condi- 
tions. This study indicates that dual inoculation with G. 
clarum and A. brasilense can increase the plant height, 
dry weight and root shoot ratio of cowpea plants more 
than single inoculation with Am fungi or NFB as well as 
control at all salinity levels. In this connection, Biro et al, 
2000; Tian et al, 2002 proved that VA-mycorrhizal fungi 
and N-fixing bacteria can play an important role in the 
establishment of plants in soils with low nutrient levels. 

It was clear in Table 2 that relatively low salt levels (1.8 
dsirf ') reduced the nodule number to about 79% of non- 
salt treatment. High salt levels (5.4 and 7.2 dSnf ') 
depressed the nodule number of cowpea plants to about 
38% and 30% respectively, compared to the control treat- 
ment. As expected plants inoculated with NFB showed 
better nodule number at all salinity levels and these num- 
bers were increased in the presence of dual inoculants of 
Am fungi and NFB. The synergistic effects of dual inocu- 
lation Am fungi and NFB on nodule formation and activ- 
ity were previously proved for different legumes plants 
under non-saline conditions (Lesueure et al, 2001; Saini 
et al, 2004; Rabie and Al-humiany, 2004). In spite of 
nitrogen and protein contents as well as nitrogenase activ- 
ity of non-inoculated cowpea were negatively affected 
with relatively low salinity levels, single and dual inocu- 
lated plants showed positive effects at these levels. This 
may directly correlated with the presence of these inocu- 
lants. These results are in agreement with those reported 
by El-Mokadem et al, 1991; Zou et al, 1995; Rabie, 
2005). Although nitrogen and protein contents as well as 
nitrogenase activity were significantly reduced in all treat- 
ments at higher salinity levels, inoculated plants were still 
higher than those of non-inoculated at corresponding 
salinity levels (Table 2). The depressive effect of salt stress 
on N 2 fixation by legumes is directly related to the salt- 
induced decline in dry weight and N content in the shoot 
(Cordovilla et al, 1995; Veatch et al, 2004). The salt- 
induced distortions in nodule structure could also be rea- 



sons for the decline in the N 2 fixation rate by legumes sub- 
ject to salt stress (Zahran and Abu-Gharbia, 1995). 
Reduction in photosynthetic activity might also affect N 2 
fixation by legumes under salt stress (Georgiev and Atkias, 
1993). 

Careful examination of the data in Table 2 showed that 
bacterial-Am fungal-legume tripartite symbiosis showed 
better nitrogen fixation (nodule number, nitrogen and pro- 
tein contents as well as nitrogenase activities) than that of 
bacterial- legume symbiosis. Yet, there are no significant 
differences between them at all salinity levels. Therefore, 
the data suggested that enhanced nitrogen fixation can be 
attributed to NFB and not to Am fungi. These results 
were consistent with Minerdi et al, 2001 who demon- 
strated the presence of genes for N fixation in endosymbi- 
otic Burkholderia bacteria in AM-mycorrhizal hyphae and 
suggested that there may be a potential for improving N 
supply to mycorrhizal plants through fixation of atmo- 
spheric N. In fact, it is easy to understand that the nod- 
ules can fix atmospheric nitrogen, but its efficiency is 
mostly determined by the phosphorous nutrient condition 
of the host plant since appropriate phosphorous nutrient 
support is indispensable for the process of nitrogen fixa- 
tion. Mycorrhizal infection could contribute to proper 
phosphorous uptake in Azospirillum and ensure the activ- 
ity of the nitrogen fixation enzyme. In this connection, Jha 
et al, 1993; Valdes and Sannchez-Francia, 1996; Johans- 
son et al, 2004 showed that dual inoculation with mycor- 
rhizae and NFB can support both the needs for N and P 
and increase the growth of host plant. 

In this investigation, the mycorrhizal colonization of 
cowpea plants was significantly increased at relatively low 
salinity levels (Table 3). On the contrary, at higher salin- 
ity levels mycorrhizal colonization was significantly 
reduced although mycorrhizal plants inoculated with NFB 
still had higher mycorrhizal colonization. Previous research 
had shown that salinity may reduce mycorrhizal coloniza- 
tion by inhibiting the germination of spores (Hirrel, 1981), 
inhibiting growth of hyphae in soil and hyphal spreading 
after initial infection had occurred (McMillen et al, 
1998), and reducing the number of arbuscules (Pfeiffer 
and Bloss, 1988). On the other hand Mycorrhizosphere 
bacteria may affect AM fungi and their plant hosts 
through a variety of mechanisms including (1) effects on 
the receptivity of the root; (2) effects on the root-fungus 
recognition; (3) effects on the fungal growth; (4) modifi- 
cation of the chemistry of the rhizospheric soil; and (5) 
effects on the germination of the fungal propagules. In 
this context, Nitrogen fixation further promotes mycor- 
rhizal development (Puppi and Hoflich, 1994). Some 
mycorrhizosphere bacteria may be able to promote myc- 
orrhizal establishment through improved spore germina- 
tion, but so far there is no direct demonstrations of this in 
the field. The colonization enhancement may also be 
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mutual between associated microorganisms. This has been 
reported following dual inoculation of Pseudomonas sp. 
and Glomus sp., which additionally increased the growth 
of the host plant in an additive manner (Johansson et al, 
2004). 

Saline stress induces P deficiency by reducing P uptake 
or translocation (Munns, 1993). The present study indi- 
cated that Am fungi increased P uptake and phosphatases 
activities at all salinity levels (Table 3) and saline stress in 
plants was thereby alleviated. This is consistent with pre- 
vious findings explaining that the main mechanism for 
enhancing salinity tolerance in mycorrhizal plant was by 
improving of P nutrition (Copeman et al, 1996; Al-Kar- 
aki et al., 2001). In some cases, however, saline tolerance 
of mycorrhizal plants appears to be independent on plant 
P concentration (Ruiz-Lozano et al., 1996; Fing et al., 
2002). Another interesting result in Table 3 evinces that 
the presence of NFB increases P concentration and acid 
and alkaline phosphatases activities in mycorrhizal plants 
at all salinity levels. It has been reported that NFB clearly 
has the potential to influence Am fungi. In this respect, 
Johansson et al, 2004 reported that bacteria associated 
with the VA-mycorrhiza can assist in mobilizing nutrients 
from soil. Abundant examples of these are available from 
bacterial-Am fungal-legume tripartite symbiotic relation- 
ships, where diazotrophic bacteria provide fixed N not 
only for the plant, but also for the fungus. Moreover, nod- 
ulation of legumes by N-fixing bacteria and establishment 
of Am often occur simultaneously and synergistically. 

It has been widely accepted that plants are stressed in 
three ways by salinity (1) low water potential of the root 
medium leads to water deficits in crop plants, (2) toxic 
effect of ions, mainly Na and CI and (3) nutrient imbal- 
ance caused by depression in uptake and/or shoot trans- 
port ( Marschner, 1995; Adiku et al, 2001). In this study, 
as expected, Na + concentration was significantly increased 
with increasing salinity levels in mycorrhized and non- 
mycorrhized plants irrespective with absence and pres- 
ence of NFB. Surprisingly, while mycorrhizal plants accu- 
mulated more Na + in their roots with increasing salinity, 
shoots of these plants had lower Na + content and showed 
limited accumulation with increasing salinity (Table 4). 
These results are in agreement with previous work of 
Rabie (2004) and suggested that Am fungi protect leaf 
metabolism from Na + toxicity. 

The results in table 4 clearly showed reduction of nutri- 
ent elements Mg + , Ca + and K + concentrations in non-myc- 
orrhizal plants with increasing NaCl levels which was 
proved previously by Bayuelo-Jimenez et al, 2003 and 
Netondo et al, 2004. The nutrient imbalance caused by 
salinity may be explained according to Khan et al. (2000) 
who reported that nutrient deficiencies can occur in plants 
when high concentration of Na + reduces amounts of avail- 
able Mg + , Ca + and K + or Na + displaces membrane- bound 



Ca + , and Na + may have a direct toxic effect, such as it 
interferes with the function of K + as cofactor in various 
metabolic reactions. On the other hand, it has been 
reported that Am fungi would enhance nutrient uptake by 
infected plant under salinity conditions (Roa and Tak, 
2002; Yano-Melo et al, 2003; Zandavalli et al, 2004). 
The results of this study are in consistent with these 
reports where mycorrhizal cowpea plants contained higher 
nutrient concentrations, particularly, in the presence of 
NFB, than that of non-mycorrhizal one at all salinity levels. 

The most important result in Table 4 evinces that salin- 
ity levels K + concentration in shoots of mycorrhizal plants 
increased while decreased in roots of these plants. In addi- 
tion, K + /Na + ratio in mycorrhizal shoot plants, especially 
in presence of NFB, was increased by rising of salinity 
levels and still much higher than that of non-mycorrhizal 
one at all salinity levels. These results emphasize that Am 
fungi improve salinity tolerance of cowpea plants, particu- 
larly in the presence of NFB. In this context , the higher 
ratios of K + /Na + was proved to be one of the key determi- 
nants of plant salt tolerance by the work of Maathuis and 
Amatmann, 1999; Naidoo and Naidoo, 2001; Tomar et 
al, 2003, they proved higher K7Na + ratio in salinity toler- 
ance plants under salinity conditions. 

Bacterial-Am fungal-legume tripartite symbiosis clearly 
increased the tolerance of cowpea to salt stress and there- 
fore constituted an alternative method to reduce cowpea 
plant stress caused by soil salinization. Studies of tripar- 
tite symbioses are still in their infancy; more research is 
also needed to come close to better understanding of the 
interactions between Am fungi and other NFB for the 
development of sustainable management of soil salinity. 
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